The enzymatic activity was evaluated under both Bt and non-Bt systems in varied soil type. The study was conducted during the 2010 wet season (July to December) in a net-house at the Institute of Agricultural Sciences of Banaras Hindu University. It was carried out on three different soil orders i.e. entisol, inceptisol and alfisol. Bt cotton (cvNCS-138) and its non-transgenic isoline (cvNCS-138) were grown until maturity. A no crop pot was maintained with three replications for all the three soil orders. Study design was a factorial experiment under a completely randomized block design with three replications. The study concludes that soil under Bt cotton cultivar produced significantly higher amount of phosphatase activity than both nonBt and no crop treatments at three growth stages. And the value decreased as the crop growth period advanced. The interaction effect between soil type and Bt-crop was found to be significant in different growth stages throughout the growing season. Results from the study revealed that a significant reduction (9.4%) of the dehydrogenase activity and soil respiration (5%) in the rhizosphere of Bt cotton over non-Bt isoline.
INTRODUCTION
Cotton (Gossypium hirsutum L.) is an important commercial crop in India and plays a significant role in the economy and sustainability. As an industrial crop, it supports hundreds of millions of people through cultivation, processing, trading, transportation and marketing. India with 116.14 lakh hectares area producing 334 lakh bales is projected to replace China by 2020 [1] . This rise in production and productivity (>550 kg/ha) is mainly due to increasing yields, even though with slower yield growth than in the previous decade [2] . Genetically engineered plants to incorporate useful traits are a potential technology for the future development of sustainable cotton based agricultural systems in India. Transgenic cotton varieties modified to express the Cry1Ac insecticidal toxin (Bt cotton) that is toxic to some insect pests is now grown worldwide. Through 1) the products of introduced genes, 2) modified rhizosphere chemistry, or 3) altered crop residue quality, genetically modified plants have the potential to significantly change microbial dynamics, soil biodiversity and essential ecosystem functions, such as nutrient mineralization, disease incidence, carbon turnover and plant growth. Cry1Ab protein from biomass of Bt rice degraded faster in alkaline soil (halflife 11.5 d) than in acidic soil (half-life 34.3 d) [3] . However, there are few experimental data available, especially quantitative data, on the environmental conesquences of sustained expression and/or presence of Bt toxin in various parts of Bt cotton plants [4, 5] . Given this, our research was designed to evaluate enzymatic activities under both Bt and non-Bt systems and varied soil type.
and its non-transgenic isoline (cvNCS-138) were grown until maturity. A no crop pot was maintained with three replications for all the three soil types. The climate of Varanasi is semi-arid and sub-humid climate with moisture deficit index between 20 -40, characterized by hot summers and cold winters. The soil (0 -18 cm depth) used in this experiment was collected from the unfertilized and fallow for many years of of three orders i.e. entisol, inceptisol and alfisol from different geographical locations in the Varanasi and Mirjapur districts of Uttar Pradesh, India.
Analysis of Soil
The soil used in the pot experiment was air dried, ground and sieved through a 2 mm sieve, and then stored in plastic bags. The pH and electrical conductivity of soil was determined by 1:2 soil water suspensions [6] , mechanical composition of the soil was determined by the hydrometer method [7] , water holding capacity was determined by following [8] method, organic carbon content was determined by the wet oxidation method of [9] , available N was determined by an alkaline potassium permanganate method [10] , available phosphorus by [11, 12] method, available potassium was determined flamephotometrically by neutral 1 N ammonium acetate [6] . The DTPA-extractable Zn was determined according to the procedure outlined by [13] using atomic absorption spectrophotometer. Analysis of soil revealed that the red soil was silty clay loam in texture, where as black and alluvial soils were clayey and sandy loam respectively. Among the three soils, two were (black and alluvial soil) slightly alkaline and one (red soil) was acidic in reaction. All the soils have low organic matter content (3.4 -4.2 g·kg , Ca from 3.1 to 32.5 meq/100g and Zn from 2.86 to 3.84 ppm respectively.
Dehydrogenase activity was determined by monitoring the rate of triphenyl formazon (TPF) production from triphenyl tetrazolium chloride (TTC), using the spectrophotometer method [14] . For phosphatase enjyme, method proposed by [15] was used. 1 g of soil in a 50 mL Erlenmeyer flask with 0.2 mL toluene, 4 mL modified universal buffer and 1 mL p-nitrophenol phosphate solution will be allow for incubation at 37˚C for 1 h. 1 mL Calcium chloride and 4 mL sodium hydroxide will be added and the yellow colour intensity of the filtrate (i.e. p-nitrophenol) will be determined colorimetrically.
Soil respiration was estimated by measuring oxygen consumption by soil in a warburg flask incubated at 28˚C ± 1˚C, as described by [16] . Soil samples for enjyme analysis were were estimated at regular time points throughout the growth stages of the plant.
Statistical Analysis
Data obtained from all the observation were statistically analysed, applying the factorial CRD. The least square difference (LSD) values were calculated to test the significance of treatment difference and LSD values were evaluated at 5% level of significance by the following formula:
t at 5% r     t at 5%  = error degree of freedom at 5% level of significance ().
RESULT AND DISCUSSION
A transgenic Bt-cotton and its non-Bt counterpart were investigated to evaluate the potential risk of transgenes on the soil ecosystem. The activities of phosphatase and dehydrogenage in cotton rhizosphere were assayed during vegetative, reproductive and senescing stage (after harvest). Results showed that there were significant difference in enzymatic activities between Bt and non-Bt at any of the growth stages and after harvest.
From the Table 1 it has been observed that soil under Bt cotton cultivar produced significantly higher amount of phosphatase activity than both non-Bt and no crop treatments at three growth stages. And the value decreased as the crop growth period advanced. Among the three different soil types red soil produced lowest alkaline Phosphatase activity followed by alluvial soil and black soil Results in the study were in agreement with that by [17] who reported positive effect on acid phosphomonoesterase activity in soil amended with Bt-cotton plant materials. Alkaline phosphatase activity was higher than acid phosphatase activity, supporting similar observations on a typic Haplustept soil [18] . Phosphatase activity has been closely correlated with pH. This is acid phosphatase predominate in acid soil and alkaline phosphatase activity in alkaline soil. In general, alkaline phosphatase is associated with microorganisms while the acid phosphatase is predominantly due to plants [19] . So, increase in microbial biomass might have attributed to the observed higher alkaline phosphatase activity. The interaction effect between soil type and Bt-crop was found to be significant in different growth stages throughout the growing season.
Dehydrogenase activity have potential to provide a unique index of general activity of soil microorganisms and integrative biological assessment pertaining to biological activity or biochemical processes of soils because of its relationship to soil biology. Dehydrogenase activity reflects the oxidative activity or intensity of metabolism of soil microflora and can be used as an indicator of microbial activity or populations in soils [20] . Results from the Table 2 revealed that a significant reduction (9.4%) of the Dehydrogenase activity in the rhizosphere of Btcotton over non-Bt isoline. The lower dehydrogenase activity in rhizosphere soils under Bt-cotton is in conformity with the results of [21, 22] . [23] also reported reduced dehydrogenase activity during the decomposition of straw from Bt-transgenic rice cultivars under flooded conditions in China. Lower dehydrogenase activity in the Bt-system indicates that a portion of the organisms was perhaps inhibited and did not participate in the metabolic activities of the soils [24] . It may have been partly because of unfavourable conditions in the rhizosphere under Bt-cotton or because of a negative effect of Bt-toxins on certain microbial groups, which might have retarded metabolic activities in the soil. However, [25] observed no differences in the dehydrogenase activity in the rhizosphere of Bt-cotton. The interaction effect between soil type and Bt-crop was found to be significant in different growth stages throughout the growing season. From the Table 3 it has been observed that soil CO 2 efflux generally decreased over time regardless of type of cotton; the highest soil CO 2 efflux occurred during the first 6 weeks of crop growth. Soil CO 2 efflux from control was significantly lower than that of the Bt-cotton and non-Bt isoline soils only during the first month; CO 2 efflux from Bt-cotton and non-Bt isoline soils did not differ, regardless of varied soil type. Further it was also noticed that non-Bt isoline crop produced significantly higher amount of CO 2 evolution than both Bt cotton crop and no crop treatments at three soil sampling dates. Lower amount of CO 2 evolution in Bt cotton soil due to high C:N ratio of Bt cotton compare to non Bt cotton. The Bt crop, including root, stem and leaves had higher lignin, lignin/N ratio and total organic C contents than those of non-Bt crop. Among soils, CO 2 evolution is lowest in red soil as compared to black and alluvial soil. Efflux of CO 2 from red soil was about 25% less than observed from alluvial soil. No significant interactions among the treatments were observed.
CONCLUSION
A critical persual of the experiment revealed that soil under Bt cotton cultivar produced significantly higher amount of phosphatase activity than both non-Bt and no crop treatments at three growth stages. And the value decreased as the crop growth period advanced. The in- teraction effect between soil type and Bt-crop was found to be significant in different growth stages throughout the growing season. Results from the study revealed that a significant reduction (9.4%) of the dehydrogenase activity soil respiration (5%) in the rhizosphere of Bt-cotton over non-Bt isoline. The above results suggest that Btcotton may constrain the availability of N, but enhances p-availability in these soils.
